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Abstract

Two novel thiosemicarbazones ligands have beerhegitied and characterized by FT-IR, ESI-
MS, 'H NMR, and also by single-crystal X-ray diffractiéor L1. The crystal structure shows
that L1 molecules are planar and are connected\Mi#---S and O-H----S interactions. The
catecholase activity af situ copper and cobalt complexes of this ligands has lrevestigated
against 3,5-di-tert-butylcatechol. The progresshef oxidation reactions was closely monitored
over time following the strong peak of 3,5-DTBC ngi UV-Vis. Oxidation rates were
determined from the initial slope of absorbance time plots, then analyzed by Michaelis-
Menten equations. Catechol oxidation reactions weadized using different concentrations of
copper and cobalt acetate and ligands (L/Cu: 12, 2/1). The results show that all complexes
were able to catalyze the oxidation of 3,5-DTBCetate complexes have the highest activity.
CuLl and ColL1 complexes act as a catalyst and itohib/Vhile copper and cobalt complexes
obtained from ligand L2 illustrate concentratio@pendent oxidation activation. The hemolysis
study performed by L1 increases as a functiontdancentration. However, ligand L2 has no
hemolytic effect.

Keywords: Thiosemicarbazone, Crystal structure, Catechold@bon, Catalysis, hemolytic
activity.

1. Introduction

Proteins are the most important building blocksadiving cell. They carry out a large
variety of functions [1], such as: structural skabtion, molecule transport and catalysis.
Metalloproteins are estimated to represent abowt third of all proteins [2]. A significant
number of them contain transition metal ions suglr@n, copper, nickel, zinc and molybdenum

[3].

Copper Metalloproteins are very interesting beeaa$ their biological activities as
catalysts in redox reactions. Studies on coppealiogtoteins led to their classification based on
spectroscopic features into 3 types: type-1, tymn@ type-3 active sites [4]. Copper proteins
with a type-3 active site, have an intriguing abilio reversibly bind dioxygen under ambient
conditions [4, 5]. This category of proteins inadgdcatechol oxidase, an enzyme which catalyzes
exclusively the oxidation of catechols to the cep@nding quinones [6, 7]. In literature,
considerable amount of studies are investigatethersynthesis of dicopper compounds in order



to mimic the activity of catechol oxidase. Theitadgtic activity has been investigated in the
literature adn situ [8, 9] or as isolated complexes [5, 10]. In recgedrs, mononuclear copper
complexes also were reported to demonstrate cdsseghactivity [11]. Nevertheless many other
metal complexes are being studied to investigai tatechol oxidase capacities [12-14].

Thiosemicarbazones are one of the main subgrotigs/drazine. They are obtained
through the reaction of thiosemicarbazides witrehjdles or ketones. Thiosemicarbazones are a
group of compounds with numerous pharmacologicgliegtions such as antibacterial [15],
antifungal, antiviral [16], anti-inflammatory [17&ntituberculosis [18], and antitumoral [19]. The
antitumoral activity of these compounds is due heirt capacity to restrain ribonucleotide
reductase (RR), an enzyme necessary for DNA syistifi23], Moreover, their metal complexes
possess valuable catalytic activities [21, 22],wadl as pharmacological properties as drug
candidates, biomarkers and biocatalysts [23, 2BioSemicarbazones are also reported to have
various analytical applications [25, 26]. They ased as corrosion inhibitors [27] and as heavy
metals in removal wastewater [28].

In the present work, we report the synthesis a hevel thiosemicarbazone Schiff base
ligands (L1, L2), their characterizations by spestopic methods and by single-crystal X-ray
diffraction for L1. Then, we study the catalytictigity of the in situ metal-thiosemicarbazone
complexes (CulLl, CulL2, CoLl and ColL2) towards thedation of 3,5-ditert-butylcatechol.
Finally, we present the hemolytic activity of ligisL1 and L2.

2. Experimental

2.1. Materials and Physical measurements

All the chemicals and solvents were reagent gradd,they were used as purchased with
no further purification.

X-ray data were collected on a D8 VENTURE BruketAdiffractometer with Mo-l&
radiation § = 0.71073 A). IR spectra were measured in the4@IB cni range on a 9800 FTIR
spectrometer (Perkin—Elmer) where samples wereasukBr pellets. IR spectra were measured
in the 400-4000 cthrange on a Perkin-Elmer spectrum two spectrom&emples were run as
KBr pellets.'H nuclear magnetic resonance spectra were realiged) Varian Mercury M400
400 MHz spectrometer. Chemical shifts are listedppm and are reported relatively to
tetramethylsilane using the acetone-d6 solvent. sMgsectra were done on a spectrometer
LC/MSD-TOF G1969A (ESI-MS). Kinetic measurementgaevearried on spectrophotometrically
using UV-Vis on Perkin Elmer Lambda 25 and OptizZ@#P3 spectrophotometers.

2.2. Synthesis of (E)-2-((4-hydroxynaphthal en-1-yl)methylene) hydrazinecarbothioamide L1

In a mixture of three solvents: (water, ethanal acetic acid) in a ratio of (1:3:3), was
dissolved 10 mmol/10ml (1.72 g) of 3-hydroxy-2-ntyatdehyde. Then 10 mmol/10ml (0.91 g)
of thiosemicarbazide was added. The mixture wdaxed for 2h and was left to recrystallize at
room temperature. After slow evaporation, brownstals suitable for XRD analysis were
formed. Yield: 79%. MP = 256 °C.
'H NMR (400 MHz,Acetone-d6) (ppm): 7.40 and 7.70 (2H, NM 6.69 and 7.55-8.62 (6H,
CHar), 8.84 (s, 1H, =CH-Ar), 9.60 (s, 1H, OH), 10.30 {#1, NH). Selected IR bands (KBr
pellet, cni): 3420 (OH), 3320a /3200s (NH 3177 (NH), 3030 (C-R), 1577 (C=C), 1511
(C=N), 1115/ 783 (C=S), 967 (N-N). MS (ESiWVg): [M-H]" 244.05.

2.3. Synthesis of (E)-2-(2,5-dihydr oxybenzylidene) hydr azinecar bothioamide L2



To an ethanolic solution of thiosemicarbazide 1@ati10ml (0.91 g), was added 10

mmol (1.38 g) of 2,5-dihydroxybenzaldehyde dissdl#e 10 ml of ethanol, in the presence of
catalytic amount of glacial acetic acid. The migtuhen was refluxed for 2h. The obtained
precipitate was filtrated, rinsed with ethanol, deft to dry overnight in room temperature.
Yield: 86%. MP = 266 °C.
'H NMR (400 MHz, acetone-d&) (ppm): 6.30-6.84 (m, 2H, 4, 7.08 (s, 1H, k), 7.44 and
7.68 (s, 2H, NH), 7.92 (s, 1H, NH), 8.39 (s, 1H, =CH-Ar), 8.70 1{#J, OH) and 10.38 (s, 1H,
OH). Selected IR bands (KBr pellet, ¢jn 3432 (OH), 3333a /3145s (N 3177 (NH), 3030
(C-Ha), (C=C), 1627 (C=N), 1161/ 797 (C=S), 943 (N-N)SNESI) (W2): [M-H]* 210.03.

2.4. X-ray crystallography

The data of single crystal L1 were collected on D&NTURE Bruker AXS
diffractometer with Mo-K: radiation of wavelength = 0.71073 A. The ligand L1 crystallizes in
the triclinic space group P-1. The molecular stuestof L1 is shown in (Figure 2). The cell
parameters of L1 as well as the structural dategevaped in Table 1. The structure of L1 was
solved by direct methods using the SIR97 progra®dh §d then refined with full-matrix least-
square methods based on F2 (SHELXL-97) [30]. Alh4hgdrogen atoms were refined with
anisotropic atomic displacement parameters. Exoépbgen and oxygen linked hydrogen atoms
that were introduced in the structural model thfo&gurier difference maps analysis, H atoms
were finally included in their calculated positions final refinement on F2 with 2560 unique
intensities and 166 parameters convergecRafF2) = 0.0834 (R(F) = 0.0318) for 2305 observed
reflections with | > &(l.).

2.5. Catecholase activity study
In situ catechol oxidase study was performed in DMF. 3;ted-butylcatechol (3,5-

DTBC) was used as substrate [6, 13]. In a spectimphetric cell, ligand (L1 and L2 ) (ToM)
and metal salt (Cu(Ac@)and Co(AcO)) (10* M) solutions were mixed together then treated
with 100:1 up to 700:1 substrate to complex ratlosl0? - 7x10% M). The progress of oxidation
reactions was regularly monitored over time at rommperature, under aerobic conditions.
Absorbance values were recorded following the strppak of 3,5-di-tert-butylquinone (3,5-
DTBQ) [7] (400 nm maximum absorbance) using UV-¥gectroscopy. Oxidation rates were
determined from the initial slope of absorbancetwse plots, and then analyzed by Michaelis-
Menten equations (Eq.1, Eq.2).

° T [S1+ K,

[S1+ K (1 +[‘1§—])

Were K is the inhibition constant, Kis the Michaelis constant, [S] is the concentraid the
substrate, Yis the velocity and Max is the maximum velocity.

(1)

VO =

(2)

2.6. In vitro hemolytic activity

From a breast patient, a blood sample was takdmeparin tube and centrifuged at 4000 rpm at
4 ° C for 5 minutes. The pellet was washed twicéhvWaCl solution (150 mM) and then
centrifuged at 4000 rpm at 4 ° C for 5 minutes.s&ugfoently, the pellet was diluted to 2% in PBS
(saline phosphate buffer) at 10 mM, pH 7.4. 29I0of the 2% erythrocyte suspension was



placed in contact with 3@ of ligand at different concentrations and thecuipated in a benchtop
incubator (Orbital Shaker Thermo Forma) at 37 ¥a€.60 min. 100 .mu.l was taken every 15
min to be resuspended in 1900 .mu.l of PBS. Thedwdre centrifuged at 4000 rpm for 5 min.
Leakage of intracellular hemoglobin was measurededyling the absorbance at 548 nm. Total
hemolytic was achieved by suspending red blood eelih Triton X-100. The buffer alone was
used as a negative control. The hemolytic rate dedsrmined as a percentage by the following
equation (Eq.3) [31]:

HemOIYSiS rate (%) = [(Aample A spontaneous hemolyéiJ (Atriton X-100 - A spontaneous hemolys)g) x100 EQ-3

3. Results and discussion

3.1. Synthesis of (E)-1-((4-hydroxynaphthal en-1-yl)methylene)thiosemicarbazide (L1)

In this work, we have modified the condensaticectien of thiosemicarbazide with 4-
hydroxy-1-naphthaldehyde [32]. So, we have prepdhedligand L1lusing a mixture of three
solvents: (water, ethanol and acetic acid) in @ @it (1:3:3). As a result, the use of water and an
excess of acetic acid were more advantageous &ndbt in crystal form.

The formation of L1 is characterized by the present characteristic IR bands. Two main
absorption bands of the thionic function (C=S) appd at 1115 cthand 783 cnt and one band
of the azomethine function (C=N) presents at 16%8.cThese results are comparable to those of
literature [33, 34]. The ligand L1 exists in thiofegm at solid state which is confirmed by the
absence of the (S-H) band in the IR spectra (Fi§l@). In DMSO, the thiol (S-H) band appears
around 2570 cih (Figure S1b). We have not found this result ierfiture. FurthermoréH NMR
spectrum of L1 in deuterated acetone gives sigatlg.4 ppm (s, 1H) and 7.7 (s, 1H) ppm
corresponding to the NHunction (Figure Sic). In literature, thid NMR data for the isomer: 1-
((2-hydroxynaphthalen-1-yl)methylene)thiosemicaidazshows that Nkprotons are observed
at 7.82 ppm [35]. These chemical shifts depend bothhe position of hydroxyl group on the
aromatic rings and the used solvents.

3.2. Crystal Structure of ligand L1

The molecular structure of L1 is illustrated irglie 1. The main crystal parameters are
reported in Table 1. The ligand L1 crystallizeshatitvo molecules per unit cell. The sulfur and
nitrogen imine (N4) atoms are irans-position with respect to the C1-N3 bond. This hesuin
agreement with the literature [36-38]. The molecsthows anK) conformation with respect to
the C5=N4 bond and is approximately planar. The imam deviation from the mean plane
through the 18 non-hydrogen atoms is 0.118 A2for C5. This planarity is due to electron
delocalization along the skeleton of the molecuteTable2, we give the selected interatomic
distances and angle values. So, these bond leagithisangles agree very well with to those
observed for similar thiosemicarbazones [39]. la tnystal, the stacking of molecules is in a
zigzag shape along the b axis (Figure 2). The tm@ensional network is established by short
oxygen-sulfur contacts (d¢(€8) = 3.195 A) and three types hydrogen bonds k&, S;-+-Hs and
Si*Hag) shown in Figure 2 (red color). These parameteesgaouped in Table 3. Within this
network, there are also van der Waals interacti@g-Hi2--H1>Ca) and CHax interactions
(N=HCGCs-Cy6-Ar) involving the symmetry-related naphthaleneganTheir respective distances
are 2.227 A and 3.282 A (blue color in Figure 2).



Figure 2. Packing and projection of L1 along the b axis singws---O contacts, hydrogen bonds
and C-H--z interactions.

Table 1 Crystallographic parameters of L1.

Crystal data L1
Chemical formula GH11N30S
M, 245.30

Crystal size (mm) 0.440 x 0.260 x 0.200
Crystal system Triclinic



Space group P-1

Unit cell parameters

a 6.8023 (A)
b 8.4470 (A)
c 11.1599 (A)
z 2
a (deg) 93.353
B (deg) 105.959
v (deg) 111.749
V (A3) 563.33
Dear (g cm®) 1.446
T (K) 150
g (mnit) 0.273
F(000) 256
R(int) 0.0329
Total reflections 9529
Unique reflections 2560
I>2¢ 2305
Number of parameters 166
Ry 0.0318
wR, 0.0834
Goodness-of-fit (GOF) 0.970

Table 2Bonds and angles parameters of L1.

Selected bonds (A)

Selected angles (°)

C9-010 1.3555(15) N3-C1-S1  119.78(10)

010-H10  0.82(2) N2-C1-S1  122.93(10)

C15-H15  0.9500 N2- C1-N3  117.29(12)
C6-C7 1.3825(17) C5-N4-N3  114.58(11)
C5-C6 1.4556(17) N4-C5-C6  125.48(11)
N4-C5 1.2872(17) C15-C16-C6 123.53(11)
N3-N4 1.3835(14) Cl4-C15-C16 120.78(12)
N3-H3  0.850(18) C9-010-H10 106.2(14)
C1-N3  1.3389(16) - -
Cl1-N2  1.3325(17) - -
C1-S1  1.7006(13) - -

Table 3Hydrogen bonds of L1.

Hydrogen bonds Distances (A)

Symmetry
Entry D-H--A d(H--A) d(D-H) d(DA)
1 O1-Hip 'S, 2.418 0.820(2) 3.195 -1+x,y,2
2 No-Hog 'S, 2.696 0.845(19) - -1+x,y,z
3 N3-H3 S, 2.617  0.850(18) - -1+x,y,z

3.3. Synthesis of (E)-1-(2,5-dihydroxy benzylidene)thiosemicarbazide (L2)

The ligand L2 was prepared by condensation of s#ndcarbazide with 2,5-
dihydroxybenzaldehyde in ethanol. The formationL@f is characterized by the presence of
characterized IR bands. Two main absorption barfidkeothionic function (C=S) appeared at
1161 cnt and at 797 cihand one band of the azomethine function (C=N)emssat 1627 ch
These results are comparable to those of literg88e34]. Ligand L1 exists in thione form at



solid state (Figure S2a). While the presence of(8iel) band in the IR spectra appears around
2570 cnttin DMSO solution (Figure S2b). To our knowledges ttesult has not been reported in
literature. In addition'H NMR spectrum of L2 in deuterated acetone shogsas at: 7.75 ppm
(s, 1H) and at 7.4 (s, 1H) ppm corresponding toNhkk function (Figure S2c). In literature, the
'"H NMR data for the isomer: 1-(2,4-dihydroxybenzegiit)thiosemicarbazide shows that ANH
protons are observed at 9.82 ppm [40]. These cla@mlufts depend both on the position of
hydroxyl group on the aromatic rings and the uss#desits.

4. Catecholase activities

4.1. UV-Visible studies of theligands L1 and L2

UV-Vis spectra of L1 show two bands: first at 285 corresponding to # = transition
in the thiosemicarbazone group, and second oné%hf corresponding to < =« transition of
the naphthalene ring (Fig 3a).

UV-Vis spectra of L2 show two bands: first at 318 corresponding to ®x transition
in the thiosemicarbazone group and second at 36@armesponding ta = = transition of the
benzyl ring (Fig 3b).
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Figure 3: UV-Vis spectra of: a) ligand L1 and b) ligand &2400-800 nm in DMF.

4.2. Effect of ligands concentration on the catechol ase activity

The formation of then situ complexes of copper and cobalt ions was followgdhe
measurement of UV-visible absorption at room terapge in DMF. In order to study the
influence of ligand concentration to obtain thetbasitu catalysts during the oxidation reaction
of 3,5-DTBC to 3,5-DTBQ, we have realized this teatusing different concentration of ligand
(L1 and L2) and metal ion (Cu and Co) (L/M: 1/11,21/2).

From the results obtained in Figure 6, we noté th@ combination of 2 moles of metal
and 1 mole of ligand leads to an excellent reduiierefore, we consider that the proportion (L/
M: 1/2) is a catalytic condition of choice for thisaction.

However, we note a particular situation in the boration of cobalt with ligands. For
ligand L1, the combinations (L1/Co: 1/2) and (L1/Adl) are similar (Figure 4c). We think that
this specificity is related to the nature and tharacteristic of cobalt and may be due to the
coordinating environment.

Based on these results, we can suggest that itiatiox reaction occurs with two metal
ions associated with one ligand molecule.



—=—L1CuAc 1.1
—e— L1CuAc 2:1
—4—L1CuAc 12

—=— L2 CuAc 11
—e— L2 CuAc 21
—4— L2 CuAc 1:2

ABS

2,89 184
2,6

2,2 —=— L1 CoAc 1:1 144
204 —o— L1 CoAc 2:1|
—A— L1 CoAc1:2 124

184

164

ABS
ABS

124
1,04
0.8+ 0,4+

0,6

Time (min) Time (min)

C d
Figure 4. Oxidation of 3,5-DTBC with different concentrati@f copper acetate and ligands. a)
L1Cu, b) L2Cu, c) L1Co and d) L2Co.

4.3. UV-Visible studies of the in situ complexes

UV-Vis survey scans were carried out at room tejpee in DMF. UV-Vis spectra oh
situ copper complexes (Cu/L1l: 2/1) show different baigure 5a). First band at 295 nm
corresponds to > = transition of the thiosemicarbazide group. Secamg at 365 nm
corresponds ta - = transition of the naphthalene ring. In the cowrSeomplexation, we note a
hypsochromic effect of the band at 280 nm of thesimicarbazide group and bathochromic
effect of the band at 380 nm of the naphthaleng. fiilne appearance of two bands, one at 400
nm and the other at 620 nm is attributed to d-dsiteon which can suggests two geometries:
square plane and square pyramidal respectivelyeBehla) [41]. In the case bf situ cobalt
complexes (Co/L1: 2/1), hypsochromic and bathoclcaeffects are not appearance (Figure 5b).
The presence of two bands at 530 nm and 580 nrattiteuted to d-d transition that suggests a
pseudo-octahedral geometry (Scheme 1b) [42]. Tthescobalt charge is Cbbecause of its
oxidation with air oxygen.

UV-Vis spectra oin situ copper complexes (Cu/L2: 2/1) show different bakigure
5c). The band at 315 nm corresponds # mtransition of the thiosemicarbazide group. Another
one at 360 nm correspondsate> n transition of the benzene ring. During complexative note
a bathochromic effect of the two bands of thiosamiazide group and benzyl group at 330 nm
and 420 nm respectively. The bands at 410 nm ar@l@tnm are attributed to d-d transition
suggesting square plane and square pyramidal ggemetspectively (Scheme 1c) [43]. In the
case ofin situ cobalt complexes (Co/L2: 2/1), the hypsochromiectf appears of benzyl and
thiosemicarbazide groups at 265 nm and 345 nm céeply (Figure 5d). The two bands at 430



nm and 600 nm are attributed to d-d transition thajgests a distorted octahedral geometry
(Scheme 1d) [44]. Similarly, the cobalt charge &Ybecause of its oxidation with air oxygen.

In addition, by comparing the results given in.5jgve note that the characteristics of the
in situ copper(ll) and cobalt(lll) complexes are similarthose found in the literature [45]. Thus,
we propose complex structures obtained during ®@ation process. The complex structures are
given in Scheme 1.
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Figure 5. UV/Vis analysis of the 3,5-DTBC oxidation bg situ complexes obtained with 1/2
ligand/copper (ll) acetate combination over timelLBCu, b) L2Cu, c¢) L1Co and d) L2Co.
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Scheme 1. Proposed structures forith@tu complexes (Me/L: 2/1). a) 2Cu(Ac&)1.H,0, b)
2Cu(AcO).L2, c) 2Co(OH)(AcO).L1.2H,0 and d) 2Co(OH)(AcQ)L2.H,0.

4.4. Michadis-Menten kinetics

4.4.1. Oxidation reactions using in situ copper complexes (L1Cu and L2Cu)

Catechol oxidation reactions were realized usiffgrént concentration of copper acetate
and ligands (L/Cu: 1/1, 1/2, 2/1). In Figures 6, gree the absorbance of 3,5-DTBQ for each
proportion. According to the results given in Tableve note that the combination obtained by 2
moles of copper and one mole of each ligand gikiesbest catalytic condition for the oxidation
reaction of 3,5-DTBC (Table 4, entries 2 and 5).

For ligand L1, we note that the kinetic modelswb in situ copper complexes (L1/Cu:
1/2 and L1/Cu: 2/1) follow the model of enzymeibmtion by excess of substrate. Thus, the
complexes exhibit an increase in activity as thaceatration increases but beyond a certain
concentration of substrate. At the concentratid®Z M of (L1/Cu: 1/2), the activity decreases
due the inhibition effect caused by the excessubksate by applying the modified Michaelis-
Menten model (Equ.2) while thiem situ complex (L1/Cu: 1/1) follow the simple Michaelis-
Menten model (Equ.1l) (Figure 8a). The complex atgdifrom copper (ll) acetate (L1/Cu: 1/2)
shows highest activity (Table 4, entry 2,/= 7.57 x 10mol. L1.min*, K.=45.42 K if
compared to those of proportions: (L1/Cu: 1/1) (€ah entry 1, Vhax= 1.98 x 1 mol. L'1.min
! Keas=11.90 BY and (L1/Cu: 2/1) (Table 4, entry 3,%= 1.82 x 10 mol. L'1.min™, Ka= 10.92
h™) (Figure 6a). To our knowledge, this study hashesn reported in literature.

For ligand L2, we note that the kinetic modelsddferent in situ copper complexes
follow the simple Michaelis-Menten equation (Eq. The kinetic parameters reveal that the
complex obtained from 2 moles of copper (ll) acetahd one mole of ligand L2 exhibits the
highest activity (Table 4, entry 5,,¥ = 2.39 x 10 mol. L'1.min*, Kea= 14.34 i) while those
of proportion (L2/Cu 1/1) presents a moderatelgataactivity (Table 4, entry 4, Max= 1.14 X
10°mol. L'1.min, Kea= 6.84 Y and those of (L2/Cu: 2/1) presents low catalgtitivity (Table
4, entry 6, Vhax= 0.738 x 16 mol. L-min’, Keaz= 4.43 ht respectively) (Figure 6b).

From these results, we conclude that the assorngbf ligands L1 and L2 with copper
acetate contribute in higher catalytic activity forsitu complexes. We can explain that with the
nature of the acetate ion and its large size, whalps to create enough steric hindrance around
the metallic center allowing the increase in thialgéic activities of the complexes [9].



Table 4 Kinetic parameters ah situ complexes

Entry Complex 18V (Mol L min®) 1 Kp(mol L) Kea(h?) 1 K; (mol LY
1 L1[Cu(CHCOOQ)] 1:1 1.98 2.74 11.90 -
2 L1[Cu(CHCOOQ)] 1:2 7.57 1.92 45.42 4.02
3 L1[Cu(CH;COO}] 2:1 1.82 0.9¢ 10.92 9.2C
4 L2[Cu(CH;COO3] 1:1 1.14 6.6% 6.8¢ -
5 L2[Cu(CHCOOQ)] 1:2 2.39 0.23 14.34
6 L2[Cu(CH;COO)] 2:1 0.74 3.30 4.43 -
7 L1[Co(CHCOO)] 1:1 22.60 0.01 135.60 0.06
8 L1[Co(CHCOO)] 1:2 16.40 0.15 98.40 -
9 L1[Co(CHCOQ)] 2:1 8.95 0.35 53.70
10 L2[Co(CHCOO)] 1:1 3.32 0.90 19.92
11 L2[Co(CHCOO)] 1:2 11.80 1.03 70.80
12 L2[Co(CHCOO)] 2:1 0.40 1.10 2.43
® [1CuActl:2
0000035+ ® L1CuAct21
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P ® L2CuAct2:1
00000301 //' T~ 2 Gounaid
L 0,000025+
0,000025 v ™~ . -
T 0,000020] ,/ 0:0000201 /'//
e 2N /
E 00000154 / o a 2 0,000015] “,/
2 _ = il £
\g 0,000010 /:/;’/fb T e— %n‘oooom-
5000005 'y g | -
“;‘/ 0,000005 | . f:;¢:::t:7$
0,000000 / |
0,000000 “—
-0,000005 T T T T T T T 1
10 1 2 3 4 5 6 7 8 10 1 2 5 4 s e 7 s
[S1(* M) 11 (1* M)
a b

Figure 6. Kinetic studies of the 3,5-DTBC oxidation witlifferent concentration of copper
acetate and ligands: a) L1Cu and b) L2Cu.

4.4.2. Oxidation reactions using in situ cobalt complexes (L1Co and L2Co)

Many transition metals were elaborated to inveséigheir catecholase activities such as
Nickel, Zinc and cobalt [7, 12, 13]. In this worke opted to test the catalytic capacityirositu
complexes of cobalt using the same ligandsitu cobalt complexes were prepared in the same
manner using cobalt (II) acetate.

From Figure 7a, we note thiat situ L1Co complex (L1/Co: 1/1) follows the model of
inhibition by excess of substrate at the conceiomaB.10° M and applying the modified
Michaelis-Menten equation (Eq. 2) (Table 4, enttyWfax = 22.6 x 10 mol.min’L™, Kea=
135.6). It shows highest activity (7 times) if coangd toin situ L1Co (L1/Co: 1/2) and L1Co
(L2/Co: 2/1) complexes which follows the simple Kaelis-Menten model (Eq. 1) (Table 4,
entries 8 and 9, M = 16.4 x 10 mol.minL™, Kea= 98.4 B!, Viax = 8.95 x 10" mol.min*L™,
Kca= 53.7 i respectively).

For ligand L2, we note that the kinetic modelslidferentin situ cobalt complexes follow
the simple Michaelis-Menten equation (Eq. 1). Timekic parameters reveal that the complex
obtained from 2 moles of cobalt (Il) acetate an@& omole of ligand L2 exhibits the highest
activity (Table 4, entry 11, M = 11.8 x 10 mol. L'1.min?, K= 70.8 ) while those of



proportion (L2/Cu: 1/1) presents good catalyticivdist (Table 4, entry 10, VMax = 3.32 x 10
mol. L'1.min?, Kea= 19.92 A and those of (L2/Cu: 2/1) presents low catalgiitvity (Table 4,
entry 12, Voax= 0.404 x 10 mol. L .min?, Kea= 2.43 K respectively) (Figure 7b).
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Figure 7. Kinetic studies of the 3,5-DTBC oxidation witfifferent concentration of cobalt
acetate and ligands : a) L1Co and b) L2Co.
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As shown in Table 4, the difference of the catelyctivities between the two metal
complexes is apparent. This is due to the natudetlaa electronic properties of the each metal
ion. Moreover, the steric hindrance occurs betwten substrate and the active site of the
complex. Thus, the cobalt atomic radius is larget & has greater oxygen affinity compared to
copper atom. Furthermore, the difference in gegyrdtthe ligands L1 and L2 have an effect on
the catalytic activity. As shown in Figure 1, Llogeetry is wide which can creates more steric
hindrance around the metal center. As result, tmeptex geometry is affected and the activity is
rise [46]. In each case, the activities of cobalhplexes are more important than that of copper
one (Figure 8) [12].
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Figure 8. Kinetic studies of the 3,5-DTBC oxidation withfferent concentration of copper
acetate and cobalt acetate and ligands: a) L1CiCbland b) L2Cu / L2Co. (L1/Co: 1/2) and

(L2/Co: 1/2)



The catalytic oxidation reaction of 3,5-DTBC undlee same conditions with ligands and metal
salts alone was performed to evaluate their catadyticiency. The results show that there is low
activity comparing with that ah situ complexes. These results are given in Table 5.

Table 5.Comparison of kinetic parametersinfsitu complexes (copper and cobalt) with ligands
(L1 and L2) and metallic salts (Cu(@EI0O) and Co(CHCOOY),).

Complex/Parameters Vmax (mof min™)  Km (mol L)
L1 6.1E-6 6.72E-2
L2 Linear dependence on [S] -
Cu(CHCOO), 6.56E-6 5,3E-2
Co(CH,COO) 1.4E-5 3.42E-2
in situ complex (Cu/L1:2/1) 7.57 E-5 1.92
insitu complex (Cu/L2:2/1) 2.39 E-5 0.23
insitu complex (Co/L1:2/1) 22.60 E-5 0.01
insitu complex Co/L2:2/1) 11.80 E-5 1.03

By comparing the catalytic efficiency of our situ complexes with other results of the
literature (give these results), we find that oomplexes have higher maximum velocity values.
We conclude that the catalytic activity of our situ copper and cobalt complexes is higher
compared to those prepared by Bouanane et al. Andatllli et al [47, 48].

5. Hemolysis assay

Figures 9 show the evolution of the rate of hemslys percentage during the 60 min.
The Ligand L1 shows an increase in hemolysis ratie @oncentration as a function of time (15,
30, 45, 60 min). For concentrations of 189 mL and 50ug/mL, the rate of hemolysis increases
remarkably from the first minutes until reaching ®ih, 116 % and 82 %. However for the 25
ug/mL concentration, hemolysis only begins to evafter 30 minutes and reaches 42 % after 60
minutes. We also find that there is no hemolysithhe concentration 1249/mL (Figure 9a).
Further, no hemolytic effect was observed with Religand whatever the concentration used
(Figure 9b). We can conclude that the L1 ligantbisc to red blood cells from the concentration
25 pg/mL, while L2 has no toxicity to red blood cells.
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Figure 9: Evolution of the hemolysis rate as a functionimie for: a) ligand L1, b) ligand L2.



6. Conclusions

Two novel thiosemicarbazone ligands L1 and L2 heenbsynthesized and characterized
by FT-IR,™H NMR and mass spectroscopy analysis. L1 structae also determined by single
crystal X-ray diffraction.In situ catecholase activity of L1 and L2 against 3,5-DTB@s
investigated with copper and cobalt transition nset@atechol oxidation reactions were realized
using different concentrations of copper and cobeétate and ligands (L/Cu; L/Co): 1/1, 1/2,
2/1). The oxidation reaction rates were analyzaith Wlichaelis-Menten equations, and the
kinetic parameters were calculated. The resultsvstiat allin situ complexes were able to
catalyze the oxidation of 3,5-DTBC. However, acetaietal salt complexes always present the
highest catecholase activity. The application of Michaelis-Menten equations revealed a
difference in the mode of activity between copped aobalt complexes. Oxidation followed by
inhibition by excess of substrate concenbtratiors vegplied to L1 complexes. Oxidation
activation was applied to L2 complexes. The studp aevealed that both the ligand structure
and the metal have a major influence on the catabttivity and model. Hemolysis tests
revealed that the L1 ligand is toxic to red bloetiscfrom the concentration 2/mL, while L2
has no toxicity to red blood cells.

Supplementary Information
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